Introduction
Postoperative limitation of range of motion caused by arthrofibrosis is a rare but severe complication after total joint arthroplasty. It is more common after revision total joint arthroplasty. Literature quotes rates ranging from 3.9% to 26% [1, 2] . This means a reduced quality of life for the affected patients who cannot use their operated joint adequately. The cause is multifactorial and can occur pre-, intra-and postoperatively. Patients with posttraumatic osteoarthritis and limitation of range of motion bear a higher risk of developing arthrofibrosis. Likewise, patients with limitation of range of motion after total joint arthroplasty on one side bear a significantly higher risk after total joint arthroplasty on the contralateral side [3] . Postoperative causes that negatively affect the range of motion of the operated joint are the patient`s motivation during rehabilitation, insufficient analgesia, hematoma, infections, and heterotopic ossification [4] . The application of irradiation for preventing heterotopic ossification before total hip joint arthroplasty is recommended for high-risk patients [5] .
However, to date, there exists no data concerning irradiation in order to prevent arthrofibrosis after total joint arthroplasty.
Case history
We describe the history of three patients who presented to our outpatient clinic with arthrofibrosis of the knee after several revisions of total knee arthroplasty. Before the decision to do an operative revision, infection was ruled out by puncture of the knee and reviewing microbiological samples. Approximately 2 hours before the operative procedure, the affected joints were irradiated once with 7.01 gray. Infection was again ruled out by several histological and microbiological tissue samples taken intraoperatively. All samples were negative after short and long-time evaluation using standard detection methods.
The first patient (male, 65y) was treated with a total knee arthroplasty (bicompartmental resurfacing) because of primary knee osteoarthritis in 2002. Due to aseptic loosening, the primary implant was changed to a hinged implant in 2007. Thereafter, the patient developed arthrofibrosis. After exploiting all conservative measures, we decided to re-operate the affected joint. Preoperative, the range of motion was0°/10°/70° for extension/flexion.
The second patient (female, 62y) was treated with a unicompartmental knee arthroplasty (medial compartment) to relieve primary knee osteoarthritis in 2003.
Because of arthrofibrosis (ext./flex. 0°/25°/75°, several operative revisions followed, the final being implantation of a hinged implant with tibial tuberosity osteotomy in 2006. Because of aseptic loosening, the tibial component was changed 5 months later. In March 2009, we decided on a re-revision because of persisting arthrofibrosis (ext./flex. 0°/5°/20°).
The third patient (male, 60y) was treated with a total knee arthroplasty (bicompartmental resurfacing) in 2007 because of posttraumatic osteoarthritis of the knee after a dislocation of the knee in a car accident. Twenty months after the operation, the patient still suffered from restricted range of motion of the knee (ext./ flex. 0°/20°/70°), although all conservative measures had been exploited.
After in-depth discussion and information about risks and benefits, all patients received irradiation (dose 7.01 gray) of the affected knee approximately two hours before the operative revision procedure.
The first patient`s knee showed a slight synovitis and an aseptic loosening of the femoral component intraoperatively. We removed the inflamed tissue and changed the femoral component, which was augmented dorsal medial and dorsal lateral with wedges ( Figure 1 ).
The second and third patients' affected knee showed a massive synovitis intraoperatively, with stable femoral and tibial components. We removed the inflamed tissue, did a dorsal release, and changed the polyethylene inlay ( Figure 2) .
Postoperatively, all patients were mobilised with full weight-bearing, received analgesia (one patient received NSAID for 3 weeks; the two others, alternative pain medication because of contraindications for NSAID) and physiotherapy. Two weeks later, all were free of discomfort with a range of motion of ext./flex. 0°/5°/85° (patient 1), 0°/10°/70° (patient 2) and 0°/10°/80° (patient 3).
With continuing physiotherapy, the range of motion of the knee joints increased. During the last presentation in our outpatient clinic in May 2010, the x-ray films showed no sign of ease or heterotopic ossification. The joint mobility was pain-free with a range of motion of ext./flex. 0°/0°/110° (patient 1; 15 months postoperative), 0°/0°/80° (patient 2; 14 months postoperative), and 0°/5°/110° with mild pain during weight bearing (patient 3, 14 months postoperative), with intact stability.
Discussion
To date, irradiation before operative revision is not a standard indication for arthrofibrosis of joints after total joint arthroplasty. In contrast, there exists the recommendation of radiotherapy pre-or postoperatively in addition to two weeks' oral therapy with NSAID for highrisk patients for heterotopic ossification after total joint arthroplasty or revision arthroplasty [6] .
The source of heterotopic ossification is the improper differentiation of pluripotent mesenchymal stem cells into osteoblastic precursors. Bone morphogenetic proteins play an important role in this pathway [7] . Irradiation can stop the differentiation of mesenchymal stem cells into osteoblastic precursors. Early studies by Cooley and Goss [8] demonstrated an inhibiting effect of radiation therapy on bone repair in fractured rat bones, especially when the treatment was initiated closer to the time of the fracture. Therefore, the idea of more radiosensitive early osteoprogenitor cells than mature cells arose [9] because of high mitotic activity. Today, a single-dose irradiation of 7 to 8 gray perioperative (from 6 h preoperatively to 72 h postoperatively) is established for the prophylaxis of heterotopic ossification, following the study results of Coventry et al. [6, 10] .
Current studies have demonstrated significantly elevated levels of bone morphogenetic proteins (especially BMP-2) in the synovial fluid of patients with arthrofibrosis after total knee arthroplasty compared with those in patients having referred knee pain without previous arthroplasty [11] . Furthermore, upregulation of TGF-ß and platelet-derived growth factor (PDGF), as well as inflammatory cytokines (TNF-α, IL-1, IL-6), are linked to irreversible tissue fibrosis [12, 13] .
Irradiation-induced carcinogenesis is the side effect of most serious concern. However, several studies postulate an insignificant lifetime-risk of radiation-induced cancer [9, 14] . This effect is linked to the low doses of radiation, as well as to a patient population that is usually older. However, there exists a potential risk for every patient undergoing radiation that makes necessary a discussion of risks and benefits and a written informed consent. Another side effect of radiotherapy can be bony nonunion, which had been demonstrated after trochanteric osteotomies during hip revision procedures with heterotopic ossification and perioperative irradiation [15] . This can also affect knee revision surgery when tibial tuberosity osteotomy is necessary, which, however, seldom occurs.
In solitary cases, we perform a single-dose irradiation of an affected joint in patients with arthrofibrosis after several revision total joint arthroplasties to prevent a fresh limitation of range of motion. The reason for irradiation is to prevent improper differentiation of progenitor cell types and of collagen, which contribute to the development of improper scar tissue, and as a matter of fact, to arthrofibrosis. To date, long-term results and randomized controlled trials to prove the effects of this kind of therapy do not exist.
Little data exists about the effect of a low irradiation dose on soft tissue such as ligaments, tendons or muscles. There is little relevant information of its potency. Some indications such as keloid, arteriovenous malformations and heterotopic ossification are well accepted. Others, such as the prevention of the post angioplasty restenosis and age-related macular degeneration, remain still controversial [16] .
To our knowledge, the influence of radioactivity on soft tissue like muscles, tendons and synovia (neither directly nor indirectly, for example the modulation of production of inflammatory mediators) has not as yet been investigated. Preoperative risk factors for developing postoperative stiffness after total knee arthroplasty are a restricted preoperative range of motion, previous surgery, diabetes, juvenile rheumatoid arthritis, ankylosing spondylitis and reflex sympathetic dystrophy. Intraoperative risk factors are errors in soft-tissue balancing, component malpositioning, and incorrect component sizing. Postoperative risk factors are infections, heterotopic ossifications and incorrect rehabilitation protocol [17] .
Particularly low-grade infects have to be ruled out carefully as they often present with arthrofibrosis.
As mentioned above, we ascribe a part of the therapeutic success on the single-dose irradiation of the affected joint. However, we lack evidence to prove the potency, and it remains unclear whether the effect is related to the operative procedure itself or whether the single-dose irradiation has contributes to it. Further prospective studies are necessary to investigate a potential impact of this additional treatment.
Conclusion
A single-dose preoperative irradiation of an arthrofibrotic TKA joint can contribute to a satisfying postoperative result in patients with planned revision total knee arthroplasty.
We, however, have to keep in mind that this preliminary trial describes only the results of a very small patient number and thus its positive results should not be overestimated.
